Abstract. The life history of a palpigrade is reconstructed through morphological and morphometric multivariate analyses applied to a series of 37 individuals collected in a single locality in Tlalnepantla, Estado de México, during different seasons. Those analyses reveal the presence of three life stages: protonymph, deutonymph and adult. Morphologically, males and females can be distinguished as deutonymphs and adults. Morphometrically the sexes can be recognized in all of the life stages, unprecedented for the family Eukoeniidae.
Our current knowledge of the life history of palpigrades is quite limited and slightly confusing because of the terminology chosen by former authors. Living members of the order Palpigradi are classified into two different families: Prokoeneniidae Condé and Eukoeneniidae Petrunkevitch, which differ in their life histories. Rucker (1903) presented the first life history of a palpigrade, specifically that of Prokoeninia wheeleri (Rucker) from Texas, USA. This species has four life stages, which she named: ''First Known Stage'', ''Second Stage'', ''Last Stage'', and ''Adult''. Subsequently, Van der Hammen (1982) , reviewing Rucker's findings, indicated that the first known instar had no opisthosomatic papillae, two pairs in the second known, and three pairs in the third known instar and in adults. Van der Hammen then speculated that because ''There is an important gap between the sizes of Rucker's first and second known instars, and the occurrence of an instar of intermediate size, with one pair of papillae, seems highly probable.'' Finally, he proposed the existence of a prelarva (without any supporting evidence), a larva (Rucker's first known instar, without papillae), a protonymph (speculative, with one pair of papillae), a deutonymph (Rucker's second instar), a tritonymph (Rucker's third instar) and the adult; thus, from Rucker's four observed instars, Van der Hammen stretched Prokoenenia life history to include six stages ! Condé (1984) working with Eukoenenia proposed that these palpigrades have one instar less than prokoeneniids, but named them as follows: Immature A (sexes not recognizable), Immature B (female subadult), Immature C (male subadult), and adults (male and female); that is, three instars but with different terms between female (B) and male (C) subadults. He further proposed that in prokoeneniids, the Immature A stage is divided into two subsets A 1 and A 2 (Condé 1984 (Condé , 1996 (Condé , 1998 , which is rather confusing: B and C represent the same instar, whereas A 1 and A 2 represent two consecutive instars.
A preliminary morphological analysis of a series of 12 specimens of Eukoenenia chilanga Montañ o 2012 collected on 13 June 2003 north of Mexico City suggested the presence of three distinct instars in the field (Table 1; also, see Montañ o  2006) . Therefore, extra collecting efforts were carried out in [2006] [2007] , and a comprehensive morphometric analysis was undertaken.
METHODS
The palpigrades were hand collected at Picacho el Jaral, Tlalnepantla, Estado de México, located in the northern reaches of Mexico City (99u56.88869N, 106u98.8889W, 2345 m). Collection events were restricted to the rainy season (as attempts to locate them during the dry season were unproductive) as follows: Specimens were fixed in 80% ethanol in the field. They were cleared with lactophenol (50% lactic acid, 25% phenol crystals and 25% distilled water) for about 1 min, and were mounted with Hoyer's (50 ml distilled water, 30 g Arabic gum, 200 g chloral hydrate and 20 ml glycerine) on semi-permanent preparations on individual slides with cover slips. These were dried in an oven for one week at 50 uC, after which the excess Hoyer's liquid was removed with a razor blade, the cover slip was sealed with fingernail polish, and the slide was labeled. The specimens are deposited in the Colecció n Nacional de Ará cnidos (CNAN), Instituto de Biología, Universidad Nacional Autó noma de México (UNAM).
Specimens were studied under interference phase contrast on a Nikon Optiphot II microscope equipped with an ocular micrometer. The terminology for all structures, including setae, follows Van der Hammen (1989) . The characters used for the multivariate analyses were selected on the basis of low perceived deformation on the specimens due to the clearing and mounting technique. A matrix with 27 characters for 34 specimens was produced. The sample contains 12 adults (7 females and 5 males) and 25 immatures, 15 subadults, of which 5 are premales (13, 14, 15, 19, 22) and 10 pre-females (16, 17, 18, 20, 21, 23, 24, 25, 26, 27) , and 10 nymphs (Appendix 1). The multivariate analyses were performed with the program NTCYSpc version 2.1 (Rohlf 2004 ), using Principal Component Analysis (PCA), because most of the data are quantitative. PCA graphics were generated showing the dispersion of the operational taxonomic units (OTUs) on the sampling space.
Results from the multivariate analyses were used to calculate ''estimated growth ratios'' to test for the existence of the presumptive additional instar proposed by Van der Hammen (1982) . The growth rate in linear (unidimensional) structures in arthropods is known as Dyar's constant and is the cube root of 2, or 1.26 (Francke & Sissom 1984) ; thus, if an extra instar occurred between the first and second observed sizes, as hypothesized by Van der Hammen, the growth factor between those first and second observed sizes should be 1.26 32 5 1.59. The meristic characters (lengths in microns) chosen for these tests were those that showed the highest correlation (r , 0.96), and they are basal cheliceral segment, tibia IV, patella IV, basitarsus IV, pedipalp tibia and basitarsus 2 of leg III. The binomial test was used to determine whether the observed frequency of males and females deviated from an expected 50:50 sex ratio (Siegel 1956 ).
According to Condé's terminology, our ''juveniles'' correspond to his ''A stage'', our ''subadult females'' to the ''B stage'', and our ''subadult males'' to the ''C stage'' in Eukoeneniidae. However, we find the terminology cumbersome and uninformative and propose instead to use the widely accepted ''protonymph'', ''deutonymph (male or female), and ''adult''.
RESULTS
A total of 102 specimens was collected, 74 adults and 28 immatures, as summarized in Table 1 . A detailed morphological analysis of 27 ''near-perfect'' specimens is summarized in Table 2 . Five of the seven characters listed [number of lateral organs, number of deutotritosternal (ep. P) setae, number of lateroventral (lv) setae on sternites X and XI, and number of dorsal (d) setae on tergite XIII] clearly allow the recognition of three distinct morphs, ranked in decreasing size: 1) those with 3 pairs of lateral organs, 5 ep. P, 2 + 2 lv on sternites X and XI, and 2 + 1 + 2 d on tergite XIII; which have developed external genitalia and are clearly adults (Figs. 1 A & B) ; 2) those with 2 pairs of lateral organs, 3 ep. P, 1 + 1 lv on sternites X and XI, and 1 + 1 + 1 d on tergite XIII; and which have partially differentiated external genitalia and are subadults (Figs. 2 A & B); and finally (3) those with 1 pair of lateral organs, 1 ep. P, no lv seta on sternites X and XI, and 1 + 1 d setae on tergite XIII; and without any modifications on sternites X and XI; i.e., no genitalic differentiation whatsoever (Fig. 2C) . Furthermore, on the largest morphs or adults (#1 above), we can recognize two subgroups based on two additional characters in Table 2 [number of ventral (v) setae on sternites X and XI]: 1a) with 5-6 + 0 + 5-6 v setae and 1b) those with 3 + 0 + 3 v setae; which allows the separation of males and females, respectively, without having to examine the genitalia (Figs. 1 C & D). In the last two characters [number of ventral (v) setae on sternites X and XI] adult females resemble subadults (of both sexes), adult males have additional setae, and juveniles have fewer setae. In the intermediate, or subadult, age class, the characters presented in Table 2 do not allow the separation of the sexes, whereas that can be done by examination of the genital plates (Figs. 2 A & B). However, one of the specimens in Table 2 , with 2 ep.P setae (usually 1 ep.P in protonymphs and 3 in deutonymphs), and with 2+0+2 v setae on sternite X (usually 2+2 in protonymphs and 3+0+3 in deutonymphs), suggested the possibility of an additional, ''rare'' instar, between our proposed protonymphs and deutonymphs. Therefore, a Principal Components Analysis of the sizes observed was undertaken to evaluate such a possibility. The results from the PCA analysis are summarized in Table 3 , which shows the eigenvalues (right side of the table), and the first component accounts for 88.1% of the variation observed in the sample, and adding the second component raises the value to 90.3%. The eigenvectors (Table 3 , left side) show that most values are above 0.9 (or Table 2 .-Results of morphological comparisons in specific structures among palpigrades of different sizes (and age classes) in Eukoenenia chilanga from Mexico City (m 5 adult male, f 5 adult female, dm 5 deutonymph male, df 5 deutonymph female, p 5 protonymph).
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very close to it) in the first component, accounting for most of the variation observed; those characters are shown in bold type in Table 3 . Clearly the most important component in the variation observed is size-related; i.e., the PCA analysis is recognizing distinct instars or age classes in the sample analyzed.
The graph of the dispersion of the samples along the two principal components from the PCA analysis (Fig. 3) shows three distinct size classes on the ordinate, corresponding to the protonymphs, deutonymphs and adults. Thus, one of the specimens in Table 2 (above), despite its variation in two setal counts, is clearly a protonymph with only one pair of lateral organs. Furthermore, the abscissa of the graph shows the morphometric differences due to sexual dimorphism, which manifest as early as in the protonymphs, with females toward the top of the scatter plots, and males lower.
Because of the marked sexual dimorphism in the three life stages observed, we calculated average measurements for six structures separately for males and females and then proceeded to calculate the average growth factor observed between instars for each sex. The results are shown in Table 4 , and in general the growth factors are lower than the expected 1.26, and certainly there are no values approaching the 1.59 growth factor implied by Van der Hammen when he proposed an intermediate, additional instar between the protonymph and the deutonymph. Finally, it is noteworthy that in this species the sex ratio is approximately equal (40 males, 34 females) and does not differ significantly from an expected 50:50 ratio (z 5 0.58, P 5 0.281).
DISCUSSION
The life history of eukoeneniids is apparently quite simple and consists of only three active instars: protonymph, deutonymph and adult. Protonymphs (Condé's stage A) cannot be reliably sexed based on external morphology, whereas deutonymphs (Condé's stages B for females and C for males) can be easily separated, as can the adults. These three instars can be readily recognized by a number of morphological characters, and are morphometrically quite distinct.
The life history of prokoeneniids is also apparently quite simple and consists of four active instars: protonymph (Rucker's ''First Known Stage''), deutonymph (Rucker's ''Second Stage''), tritonymph (Rucker's ''Last Stage before the adult'') and adult. There is no evidence whatsoever for a ''prelarva'' as proposed by Van der Hammen, nor is there any support for the intermediate instar (between Rucker's First and Second Stages) that the same author proposed. Examination of the ''size-comparable'' figures in Rucker's paper, drawn at the same scale and magnification, show only that the full, ventral views of the abdomen are comparable. Based on measurements obtained from a printed copy of 39mm, 55mm, 65mm and 71mm in total length; we obtain growth factors of 1.41, 1.18 and 1.09 between proto-and deuto-, between deuto-and tritonymph, and between tritonymph and adult, which is a rather high growth factor for the first molt. However, if we measure the width of the genital sternite we obtain 1.5mm, 1.7mm, 1.9mm and 2.2mm for corresponding growth factors of 1.13, 1.12 and 1.16-closer to those we observed in E. chilanga. It is known that the length of the abdomen varies with the feeding condition of the animals, and this probably explains the ''important gap between the sizes of Rucker's first and second known instars'', which prompted Van der Hammen to propose the existence of an intermediate, additional instar in the life history of prokoeneniids.
The sex ratio in many palpigrades is highly skewed toward females (Condé 1984) , to the extent that parthenogenesis has been suggested as a possible explanation for the lack, or near lack, of males in some populations. However, in E. chilanga the sex ratio observed does not deviate significantly from 50:50.
It is necessary to emphasize that the terminology used by Bruno Condé for the life stages or instars (A1, A2, B and C), are atypical in the terminology widely accepted for the Class Arachnida, so the authors request that the arachnological community homologize those terms and in the future refer to palpigrade life stages as protonymph, deutonymph, tritonymph (when present, as in the case of Prokoenenia) and adult.
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